ABSTRACT: This study was carried out to understand the genetic relationship of three Aloe spp. cultivated in Korea, A. saponaria, A. vera and A. arborescens and a new variant in Korea based on three plastid (matK, trnL-F, rbcL) and one nuclear (ITS regions) DNA barcode markers. A total of 2,420 bp sequence was amplified. Two indels were detected in the trnL region, and also several species specific nucleotide loci were detected in all 29 parsimonious informative sites, and 148 variable sites were detected among four taxa studied while 170 variable and 75 parsimonious sites were detected when other Aloe spp. in worldwide were used. An UPGMA phenogram with 10,000 bootstrap replication showed that the new variant was closest to A. vera. The variant was not morphologically and genetically concurrent with any reported species so far. The clustering of Aloe species were broadly in agreement with previously reported results. 
history of Alooideae are well summarized by smith and Van Wyk (1998) and Klopper et al. (2010) . Though the medicinal properties of Aloe species have been used throughout history, only a few of the 624 species are actually used in traditional medicines (Kim et al., 2013) .
Aloe spp. are known for their health promoting and medicinal properties (Watt and Breyer-Brandwjik 1962; Grace et al., 2008) and have been shown to have anticancer, hypoglycemic, immunomodulatory, gastroprotective and wound healing properties (Reynolds and Dweck, 1999; Vogler and Ernst, 1999, surjushe et al., 2008; Feily and Namazi et al., 2009 ). The mucilaginous gel in the leaf pulp of Aloes has been used for various curative purposes for a long time. Among the Aloe spp., Aloe vera (L.) Burm. f. (=Aloe barbadensis Mill.), A. saponaria (Aiton) Haw., A. arborescens Mill are globally rated as the most important medicinal species in the genus Aloe (Amoo et al ., 2012; Kim et al., 2013) . Among these three species of Aloe, A. vera and A. arborescens are widely cultivated around the world (Gutterman and Chauser-Volfson 2000) . In particular the use of A. vera has been recorded throughout the ancient history, and also while A. vera is no longer known to occur in the wild several other species of Aloe are wild harvested for natural products (Grace 2009 ). Both A. vera and A. arborescens are used in foodstuffs in Asia (Grace 2011) . Aloe saponaria also known as soap Aloe or African Aloe is used for their UV protective, antioxidative, wound healing activity (Silva et al., 2014) .
Aloe spp. are non-native to Korea and are only cultivated in farms and tropical gardens. Aloe spp. where introduced into Korea since 1970's even though it is not clear when they were occasionally introduced into Korea (personal communication). Three species of Aloe, A. arborescens, A. saponaria and A. vera are mainly cultivated for commercial purposes in Korea. They have easily been identified by the several morphological features. Aloe arborescens has well developed stem up to 2-3 meters, but the others not. Aloe vera hardly develops the stem and the fleckled dots in leaf but some white fleck on leaf. Aloe saponaria is stemless and has broad and storied white flecked leaves. In addition, a new variant here studied, characterized by both stemless and non-storied white fleckled leaves, has increasingly been cultivated, but its taxonomic study has not yet conducted. It would be problematic if the variant would be developed as medical and functional foods without clarifying the taxonomic confirmation compared with other species.
The aim of this study was to confirm the taxonomic position of a variant that we describe here for the first time, and also to know the generic relationship of Aloe spp. cultivated in Korea to other closely related Aloe spp. occurring in worldwide.
Material and Methods
We sampled three plants each from Aloe vera (L.) Burm. f. (=Aloe barbadensis Mill.), A. saponaria (Aiton) Haw., A. arborescens Mill., and the new variant found in Korea for DNA isolation. The plants where collected from around Jeong-eup and Yong-jin myeon, Wanju-Gun areas in Jeollabuk-do province. They were transplanted in the plant growth facility of Chonbuk National University. We mainly used fresh plant materials for morphological and molecular investigations, because herbarium specimens of Aloe spp. are difficult to work with due to their succulent nature. The morphological features of the plants are summarized in Fig. 1 . Stemless, pale green leaves with non-storied white speckled leaves and small yellowish teeth showing stemless, narrow and thick and non-storied white speckled leaves. Krishnamoorthy Srikanth, Seon Il Jang and Sung Soo Whang Total genomic DNA was extracted from frozen leaves (100 mg), ground in liquid nitrogen. Their DNA was isolated using a modified CTAB method (Doyle and Doyle, 1990 ). The quality of the isolated DNA was checked on 0.8% agarose gel stained with ethidium bromide. The primers used in this study, their sequence information and annealing temperatures are in Table 2 . Three plastid regions, matK, trnL-F, rbcL and one nuclear region, nrITS DNA, were amplified. The PCR reaction was carried out in 20 µL reaction containing 25 ng of DNA, 1X PCR reaction buffer, 2.5 mM dNTP's, 20 pmoles of primers, and 1 unit of tenuto Taq DNA polymerase (Enzynomics, Korea). The PCR reaction was carried out using a GeneAmp PCR system 2700 thermal cycler. The PCR cycling condition was as follows, an initial denaturation at 95 Sequencing was carried out on an ABI prism 3700 sequencer. The sequence chromatogram was edited and assembled using Sequencher (ver. 4.1.1; Genecodes Corporation Inc, USA). The sequences retrieved from the Genbank database the same as in Table 4 . After assembling the sequences of all the regions into one for each species, the sequences along with outgroup were aligned using CLUSTAL X (Thompson et al., 1997) and manually edited using BioEdit (Hall, 1999) . A UPGMA tree was generated based on Kimura 2-parameter matrix (Kimura 1980) which was found to be the best model for analysis using MEGA 5 (Fig. 3) (Tamura et al., 2011) . Statistical confidence on the UPGMA tree nodes was computed by 10,000 bootstrap permutations. A combined nuclear and plastid region analysis was done after no significant incongruence was detected.
Results and Discussion
The three Aloe, A. arborescens, A. vera and A. saponaria cultivated in Korea, can be easily identified morphologically. Aloe arborescens has well developed above ground stem reaching to 2-3 m tall, and its leaves are relatively narrow and small in comparison with those of the other Aloe spp. Aloe vera has hardly developed above ground stem, and its leaves are bigger than those of the other spp. and also have white wax fleck on leaf. The above ground stem is absent in A. saponaria. Its leaves are relatively broad and thin in comparison to those of other Aloe spp. and develop white and well storied speckled dot. On the other hand, the overall morphology of the variant, called A. vera 'Saengjang' studied for the first time here, is at large similar to A. vera. The variant is, however, different from A. vera in the point of size, only half the size of A. vera and they grow relatively more slowly. In addition, the variant has developed with white non-storied speckled dot in leaf unlike in A. vera (Fig. 1) .
The total length of the sequence amplified from matK, trnL-F, rbcL and ITS region was 2420 bp in Aloe spp. cultivated in Korea Its average GC content was 41.6% and had 170 variable and 75 parsimonious informative sites, but between Korean A. vera and A. vera 'Saengjang' there were only 6 variable and 5 parsimonious informative site. The features of the amplified regions are summarized in Table 2 .
In order to find the genetic relationship of the Aloe spp. cultivated in Korea to other reported Aloe spp., the sequence information of closely related Aloe spp. was downloaded from Genbank database (Table 4 ) and used in this study. The evolutionary distance was calculated using Kimura's 2 parameter model (Fig. 2) . The average distance between all pairs of accession was 0.013 (Fig. 2) . The least similarity was between A. variegate and A. rupestris. An UPGMA phenogram was drawn based on the Kimura's 2 parameter distance matrix (Fig. 2) . The outer most cluster was that of A. variegate, and A. aristata this was similar to what was observed by Manning et al. (2014) . A. vera, A. vera "Saengjang", and A. saponaria were part of the same major cluster while Korean A. arborescens was part of the other cluster. The previously reported A. vera grouped outside the Korean A. vera, clearly showing that their divergence is more recent. The Korean A. arborescens was closest to a previously reported A. arborescens, while Korean A. saponaria was closest to A. striata. A. saponaria and A. striata are known to hybridize in the wild. And the hybrid A. saponaria x striata is a sought Genetic relationship of Aloe vera 'Saengjang', a new forma, based on cpDNA and ITS sequence variation 255 after garden plant. The groupings of the species where broadly in agreement to those reported by Treutlein et al. (2003) , Grace et al. (2013) , and Manning et al. (2014) . Aloe vera 'Saengjang' studied here seems to have risen by natural mutation as it was found to be closest to the A. vera cultivated in Korea and was not concurrence with any Aloe spp. previously reported in sense of both morphological and genetic information.
